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By Ralph W. Stone, Jr.,and Leslie E. Schneiter

WJiiwkmf

Aileron and ele vator stick forces and iaudderpedal
forces ior the Bell XP-8j (project NIX-511.) ?~irplanein
spins have been cal.eul~ted. T-nehinge -momen L c-mrac-
teristics of 0.14-scale models of’the control sl].~faces
OF the ,XP-8~ airplane in attitudes simul. atinqs~~ns, as
determined j-nthe Langley !+-by ~-foo-b bum~el and
steadtv-spindata obtained on a l/’2~-scalemodel of the
subject airplane in the 20-foot free-spi.nniz;g tunnel,
have been used in the calculations .

The results iiw3icate that the aileron and elevator stick
?OT2-.~s mf~;?:9-;>XC;:-siv(~unlcss s:.v:]ss:J1.La-Jo Llolostel=or wore
highly balanced control surfaces are used. The pil~b ‘will
be able to move tti.esurfaces onl-yslightly from their
normal floating locations. The ailerons W~L~.~ tend to
float sligh ~ly with the spin (stick rfght in a r.i#lL
spin ) CW.d Ii; e ele~iator,will float full up. ‘Ihe r~.:dder
pedal forces will-be within the capabilities of’ t’tL~

pilot.

TNTRODUCT ICJN

At the request of the Air Technical Service Command,
Army Air Forces, an invest:gatior.has been made to de ter-
mfne the LOIJ.+.J:oJ. :Fcv2F,s t’ha”L ViC ‘J.d lx. expec-bed.in spins
of the ‘Beil~l~>-!j~~j ]-~)” a.ne. Soi,aein{~c.aLi,on of ‘Ghe
elevator and rudder forces were obtaified dm’in~ the
course of the spin tests of a l@+-scale :model in the
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Langley 20-foot free-spinning tunnel (unpublished da%a).
These tests have been supplemented by a more extensive
series of hinge-moment nmasurements (reference 1) in
the Langley .4-by 6-foot tunnel on 0,1)+-scalo models
of all three control surfaces in attitudes simulating
those obtained in spins. In the pre<sent report the
results of these hinge-moment measurements (reference 1)
have been converted to actual full-scale control forces
expected in spins at an altltiude of 20,000 feet by con-
sidering the rates of descent$ attitudes, and rates of
rotation determined in the spin tests of a l/24-scale
model in the Langley 20-foot free-spinning tunnel.
The results are given for the complete range of attitudes
and rates of descent expected in spins of the x.P-83 air-
plane for different control settings and loading condi-
tions.

SYMBOLS

aai angle of attack of wing at-midspan 01’aileron ,(the
an~le between the chord. line and ti-,eline of
t]~erelative wind projected into s.plane ccm-
taining the chord line and parallel to Lhe
plane of symnetry) on i.-cnerwins (Ilghtwing in

(
a ri~ht spin), degrees ac ,.O- %’

●J v)

aao angle of attack of wing at ;Iidspan of’aileron (the
an,gl.ebetween the chord line and We line of
the relative wind.pro,jec’cedj.nhoa plane
containing the chord line and pai-allei to the
‘pl-aneo.fsymmetry) on outer wing (left win~ in

a right spin), degrees
(
~c.,g.

)

-Q
v

if

P-1

angle of’yaw at the tail (tl-,eacute arl~,leb5tWcell
+}]e~~~eetion of ~]qerelati-~~ewind at tlie tail

and the plane of symetr-y), positive when
relative wind is striking left side of’

radius of spin (distance from center of ~ravity

(

52’.2cot ~c.&
o.fairjll~le to spin ~i.S), :eet

)
d.

(-Jd
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aileron stick force,

‘Po:di thai~-’qbxl

elevator stick force (positive wb.enforce is a

(e )

Ch qbe~e2
pull force), pounds

18o Xe.—
n 6eT

rudder

righ

pedal f’orce (po

.t rudder pedal) (- )
,siti.vewhe push io~ce

Chvq’rcr
, pounds

180 >’
n 6rT

is on

“angle of attack at plane of symmetry, degrees

full-scale angular velocity about spin axis,
positive ~il .a right spin, radians per second

projected. distance from plane of symmetry of
airplsne to midspan of aileron (21 ft)

full-scale rate of vertical descent, feet per
second

full-scale distance from normal center-of-gravity
location to rudder hinge line (24.98 ft )

angle between span
when right wing

subscript denoting

subscript denoting

subscript denoting

subscript denoting
. .

subscript denoting

subscript denoting

axis and horizontal, positive
is down, degrees

the aileron

inner wing

outer wing

the elevator ‘

the rudder

total angular movement

hinge-moment coefficient (Ii/q?.162)
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Ii

x

hinge moment, foot-pounds

dynsmic pressure
()
$p+

span of the aileron, elevator, or rudder along
corresponding hinge axis, feet

rootmean square chord of the control surface
rearward oi’the hln,geaxis, feet

,_

tota~t,movement, of the control stick or rudder pedal
(values estimated from specifications listed
in reference 2)

Control stick “J
laterally 1.5 feet

\
longitudinally 1.5 feet

Rudder-pedal 0.54 foGt

angular movement 0? the control surfaces relative
to the chord line.of the surface to which it
is attached, degrees

Total an~ular movernen,tof:

Aileron 50° (*25°) positive when trailing
e~ge is down

Elevator !@” (-25° to 15°) positive when
trailing edge-is down

Rudder 50° (*25°) or 40° (~20°) positive
~~heiltrailing edge is to left.
(The rudder pedal forces were
calculated for both i25° and
f20° total deflection inasmuch
as it is not definite at
nresent which def’lectlons are
~o be used on the airplane).

P air density, slug per cubic foot
.

Ix,IY,IZ moments of inertia about X-, Y-, and Z-body
axes, respectively, slug-feet2
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APPARATUS AND METHODS

‘5

Mode1s

Drawings showfng tfie0.14-scale models of tha left
wing panel and the dummy fuselage and tail surfaces used
for the hl.nge-moment tests i.nthe }4.-by 6-foot tmel
(see reference 1) are presented on figures 1 and 2 ~
respectively. A photograph of the tail surfaces mounted
in the 4.-by 6-foot tunnel is given in ffgure 3. A -
three-view drawing of the l\24~scale ~pin-t~el mOdel
used for the spin tests in the Langley 20-foot free-spinning
tunnel is shown on figure 4. Thedimensional oharacteric!tics
of the plane are given in table 1.

Method of Calculation

!phehin&-moment characteri.sti.csof the O.1)+-scale
models of the control surfaces of tie XP-8~ airplane
used in the calculation of tho stick and rudder pedal
forces are presented in referenqe 1. The steady-spin
data obt~ined from spins of th6 l/2.!+-scalemodel of the
XP-8~ airplane used in the calculation of the stick
forces are presented on tables II and 111.

Aileron stick forces.. In Lhe caleuljtion cf Hle
aileron stick ~orces, it is necesfiary to consider tFLe
variation of angle of attack at the aileron due to
rolling. Reference B gives a method of obtainin~,
for Lhe normal flight range, the location along the
aileron span at which the angle of attack should be
calculated for use in determining the hinge-cmmnb
coefficient for a given aileron iieflection. This
method is based on spanwise pressure distributims in
wnstalled flight. Beda”use of the difference in pres-
sure distriblztion between stalled and unstallcd flight,
it Was felt that this method was not applicable to.the
present problem and therefore the ang].sof attack used
was arbitrarily that of the midspan of tin-eaileron.

Elevator stick forces.- In the calculation of the
elevator stick forces the hinge-moment coe.~ficient for
a given elevatom deflection was taken from- Lhe curve
of elevator hinge-mom-ent coefficiel~t versus angle of
attack for 0° yaw with the rudder neutral (-fig.6).



The use of’these hinge-moment data is justifiable
because the effects of yaw and rudder deflection on the
elevator hinge-moment characteristics are generally
small according to reference 2. The angle of attack at
the plane of symmetry of’ the model was used in the com-
putations. Tt is appreciated that as a res~~lt of
rotation of the spinning airplane (or model) there is
a variation in -gle of attack alon~ the tail span
which may amount to a difference of approximately 5°
between the angle of attack at the pl%ae of symmetry
and the angle of attack at the tip of bhe ‘nori.zontal
tail. This variation in angle of attaclris, for all
practical purposes, linear and, hence, the average
sngle of attack of tinehorizontal tail is approximately
equal to the angle of attack at the plane of symmetry
of the airplane. Inasmuch as the airplane will normally
be spun Witiil the elevator full up (Ge = -250), the stick
force necessary to move the elevator from hhe up stop to
neutral or fill down was calculated using the steady-
spin data for elevator-up spins with diffe~-ent aileron
deflections, model. loadings, and model confi~ur~tions
in order to cover the complete range of rate of descent
expected for the airplane. The highest rate of-descent
and t?~elowest angle of attack reco’rdedf’cra steady
spin during the model spin tests wa,s .Soran elevator-
down spin-. Data from this s.pi:~were used. [or several
elevator-up spins that had .rAtiesof descent greater
than that readily obtainable in tliespin tunnel but
were otherwise sinilar to Lhis ele V2.+::Oi’-dOW:Q s-ph. The
elevator hin~e-l.--fiolnentdata (;pres9nLed in i=ef’erence2 )
were obtaineclwith the stabilizer At -2,660 in~idence$
whereas the S’bead~-Sphl data {t:l?j~-es.11‘i+itL ?11 )

were obtainaclwith the sbabiltzer ,fleutr:l. }TQco~~]~~c-
tion was made ~or this difference in ~~gle of attack of
the horizontal tail.

Rudder pedal force s.- “llheruti{!s~’hl~tg~-:il~>”’en~ CIat%l,

(refei”ence1) are for the e.x+,erlde<ivertical tail surfaces ~
whereas the majority of the steady-s~?indata used in these
calculations were obtained with the ori~~nai vertical tail.
It is felt that this is justifiable because steady-spin data
of brief tests with the extended tail did not vary appreciably
when compared with that with the ori$;i.naltail. In the
calcu~ation of the forces required. to move Che rudder to its
full deflection against the spin for the &20° maximum
rudder deflection, the steady-spin data for ~25° maximum
rudder deflection were assumed to ap:~ly,a,ssufficient
steady-spin data with the reduced de.flecti.onswere not
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available. Brief
rudder deflection
s~ins with eithei

7

spin tests (unptilished) with the revised
indicate that the steady-spin data for
of the ‘rudderdeflections are similar.

R1idde!rhinge-moment data (reference l.)were
obtained only for angles of attack of 20° and 50° as
these angles represented typical attitudes at the
extremes of the range of angles of attack possible on
the airplane. The rudder pedal forces were calculated
fqr spins that had angles within “a few degrees of these
values. The forces necessary to fully reverse the
rudder to 25° and 20° against the spin were calculated

In the calculation of the stick and pedal forces
it was assumed that the control movements were accomplished
rapidly and that the attitude and rate of descent of the
airplane did not change appreciably during the control
movement. Because of the lack of data on control-system
mass unbalanced and friction, control-system mass and
friction forces were not considered in the calculations.

The results of the aileron and elevator stick and
rudder pedal force calculations are presented on fig-
ure 5, figure 6 and table II, and figure 7 and table III.
TIM steady-spiii and control-force data are presented in
terms of full-scale values f’orthe airplane at a test
altitude of 20,000 feet.

Aileron Stick Forces

The results of the aileron stick-force calculations
are presented on figure 5 as a plot of rate of descent
versus aileron stick force,for various aileron deflec-
tions. The results show that the ailerons will tend to
float sli@tly with the spin (zero stick force). The
results also show that the force required to move the
stick laterally far from the floating location till be
greater than the pilot can expr~. From model spin tests
it was indicated that aileron-with settings may seriously
retard recovery for some loadings.

m-mmmmnmm m
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Elevator stick Fopc.eg
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.

The results of the elevator stick-force “calculations
are presented on f~gqre 6 and table II. Figure 6 is a
plot of the maximum elevator stick force for each.of’
three elevator movements versus rate of d.esc,ent.
Table II is a list of the angles of attack, rates of
descent, and the stick forces for the three elevator
m-overnentsfor each of the conditions calculated.

The curves represent the maximum elevabor stick
forces expected at ~he various rates of descent. For
rates of descent below ~~0 feet per second, levierstick
forces were also obtained for some conditions but for
purposes of clarity on the figure these stick forces
were not plotted. It is shown on the fi~ure that the
highest elevator stick force will be encountered while
attemptiilg to fully reverse the elevator in steep spins
and will be of bhe order of 250 pounds push force. In
reference a it is shown that the maximum push force
that a pilot can exert with one hand is 120 pounds. It
appears, therefore, ii~atthe stick I’c>rcenecessaryto fully
reverse the elevator may be greater than the pilot can
exert.

Rudder Pedal Forces

The calculated rudder pedal forces, as well as the
steady-spin data used in the calculation of the forces,
are presented on figure ? and table III. A study Of

this figure and table shows that the rudder pedal forces
are within the capabilities of the pilot. Reference 2
states tlmt the maximum push force that the pilot can
exert on a rudder pedal 3s approximately 400 ounds.
The maximum pedal force to mcve the rudder 25~ against
the spin was calculated as 26cjpounds and the minimum
force was 75 pounds. The’maxhm.un pedal force to move
the rudder 200 against the spin was 11~ pounds and the
mir.imum force was 52 pounds.

Control Forces in Recovery

The recommended recovery technique i-orthe XP-83 air-
plane is to hold the sti”ckneutral laterally and full
back; rapidly reverse the rudder and follow in 1[2 turn



by movement of the stick forward of neutral. The control
positions must be held until recovery is effected. Fig-
ures 5 and 6 indicate that the forces required to hold
the stick neutral laterally and to move it forward of
neutral will probably be in excess of the pilot?s
capabilities, the f’orcerequired to hold the stick
ne-~tral laterally being of ‘Ehe‘order of 100 pounds and
tineforce required to move the stick forward of neutral
being in excess of 12Q pounds.

Comparison of Spin-Model Control-Force Results

with Results of Hi_nge-Noment Tests

A comparison of the Ccmtr&-force results obtained
from the l/24-scale spin-model tests in unpublished data
for spins at moderate attitudes and rates of descent indi-
cates good agreement with the results obtained herein
from hinge-moment data for a corresponding condikion.
The elevator ~%ick force measured in free-spinning tests
at a rate of descent of 310 feet per second (full-scale
values) was approximately ~0 paunds.

k
This compares

favorably with a force of 1 0 pounds for the same rate
of descent as taken from figure 6, ‘me rudder pedal force
obtained in free-spinning tests at a rate of descent of
272 feet per second (fvll-scale values) was approximately
L!+Opounds (full-scale values). It is shown on table III
that forces calculated for spins with rates of descent
of’273 foot per second vary from 135 to 142 pounds,

Based on the results of’calculations of the aileron
and elevator stick and rudder pedal forces for the
XP-83 airplsne in spins at a best altitude of 20,000 feet,
the following conclusions are made for Lhe airplane ‘with
the extended vei”ticaltail surfaces:

1. The aileron and elevator stick forces will
probably exceed the pilot~s capabilities and may, there-
foi’e,prevent use of the recommended technique for
recovery.

I
. . ,, , -,,.,.——.—. . . ..- .. .. . ... ... . . . .... - .
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2. The rudder pedal foi’cenecessary to move the
rudder to f’ullagainst the spin will be within the
capabilities of the pilot for both the ~25° and
*200 deflection.

Langley Memorial Aeronautical Laboratory
,

i~ational Advisory Committee for Aeronautics
Langley Field, Va, September 7, 1945.
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TABLE I

DIiNEIJSIONALCHARACT3U?ISTICSOF Thm BELL XP-83

Wing-span, ft -. . ..... -.~ . ... . . .
Length over all, ft . . . . . . . . .
Normal weight, lb . . . . . . . . . .
Normal center-of-gravity location,

percent M.A.C. . . . . . . . . . .

Wing:
Area, si ft . . . . . . . . . . . .
Aspect ratio . . . . . . . . . . .
Sweepback of leading edge of wing,
Dihedral at 45-percent chord line ,
Mean aerodynamic chord, tn. . . .

. .

.,

. .

.*

. .

i.e~
deg
.,

.
●

✎

✎

●

✎

✎

✎

●

.
●

●

✎

✎

✎

✎

✎

✎

Leading ed&e of M.A.1:.-aft 0$ leading edge
of’v~ingroot.... . . . . . . . . .

Flaps :
Type . . . . . . . . . . . . . . . . . . .
Chord in percent of’wing chord, percent:

Inboard end . . . . . . . . . . . . . .
Outboard end...... . . . . . . .

Ailerons:
Chord, percent of wing chord . . . . . . .
Area,-fiom hinge line-aft,
Span, percent semi-span . .

Horizontal tail surfaces:
Total area, sq ft . . . .
Span,ft . . . . . . . . .

.

.
.

.

●

✎

✎

✎

✎

✎

✎

✎

✎

●

percent wing area
. . . . . . . .

. . . . . . . .

. ...0 . . .

E~evator area, including balance, sq ft .
I)istaiicef’romnormal center of gravity to

elevator hinge line, ft . . . . . . . .
Dihedral, deg . . . . . . . . . . . . . .

Original vertical tail surface:
Tokalarea, sqft . . . . . . . . , . . .
Span, along hinge sxis, ft . . . . . . . .
~(udder area~ including balance, sq ft .
Distance from normal center of gravity ;O

rudder hinge line, ft . . . . . . . . .

.

.
●

✎

✎

●

✎

✎

✎

✎

●

✎

●

●

✎

✎

●

✎

●

✟

✎

✎

✎

✎

✎

✎

●

✎

✎

●

●

●

✎

●

● 25.5

Fowler

● 24.9
. 31.6

. . ~s

. 7.30

. 40.1

z5=9“1 .66
23.80

24.1o
. . 10

42.86
8.84

18.33

24.98

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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*

DIMENS1ONAL CHARACTERISTICS - Concluded

Extended vertical tail surface
Total area, sq ft . . . . .
Spanj along hinge axis, ft

..
. . . . . .*.** 47.6
.,.,. . . . . . 10.34

Rudderl area, including-balance, sq ft . . , . . 20.06

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE II

ELEVATOR STICK FORCES AIU)Sl?MDY-SPIli PARAMETERS FOR DIFFERENT CONFIGURATIONS

OF ~ XP-83 AIRPL4NE

[Conf@mationsand steady-spin parameters taken fromfree-spinning test data
(unpublished); stick forces calculated from data in reference 1 and
from free-spinning test datal

Control setting
Confl&uratlon

Ailerons ElevatoI

Nofial loadlng, clean condition Against up

Do --------- --------------- . . ----do ----- up
DO------------------------*- 1/2 agslnst up
Do-------------------------- ----do----- up

Flaps 22° dom
F’Iam 5° down

Against up
----do----- up

?laps so down ----do-----
Landing condltlon ----do----- :;
Landlng gear alone ----do----- up
IxandIZlncrea~edZIJpercentIx,cleanConditlm____do....-UP

Iy and 17 decreased 20 peroent Iy, clean condltlon ----do----- UP

Km------------------ -.------ ----dO ----- Up
c .g 11 mercent forward,clean condltlon ----do----- up

DO--------- ---------.------- ----do-----

‘.2. lb.7 Percent Z’.a~U’d, clean condition
up

----do ----- up

Alternate lcadlng III With Up
e.g. 10 percent rearward, clean condition Ag:xmt up

Do-------------------- ------ ---- ---.- Up

Do-------------------------- ----dO ----- Up
e.g. 11 percent forward, O1OM oondltlon 1/3 against up

Alternate loadlng III 1P with up
--------- . -------- . ------- 1A with

Iy and IZ increased 20D&cent Iy, Clean condition 1/3 agaln~t%
Do-------------------------- ----do----- up

AlternateloadingII With up
Do-------------------------- Neutral up

Alternate loading III With up
Alternate loading II 1/5with up
Stablllzer leadlng edge 7°down Again8t up

Do-------------------------- ----do ----- up
Stabilizer leadlng edge 3°up ----do----- up
Revised normal loading, clean condition ----do----- up
Revisedverticaltall,noz?nnlloading ----do----- up

Do-------------------------- ----do----- up

Do -------------------------- 2/3 agaln~tup
Do-------------------------- ----do----- up

Do----------------------—-- 1/3 against up
Stnblllzerleadlng edge 7°down Neutral Down

———

Airspeed
v

( ft/9ec ]

%

4224
226
241
27
27i

284

2’23
230
277

3
23t
20
305
333
32
i37
330
255
266
25
30i
2a0
226
250
263

i
26

%
25
222

54

t35

ii

g

83
75
94

93
110

Stick form
for 6e = 15°

(13)

137
131
1jk
117
111
101
110
104
133
127
148
139
120
120
143
172
126
124
160
16
201
225

$

153
153
16L
137
129
126
138

NATIONAL ADVISORY
COMMITTEE rWi7AERONAUTICS



TABLE III

RUDDFR PEDAL FORCES AND STEADY-SPIN PARAl~TERS FOR DIFFERENT CONJ?IGURATIONS

OF TRX XP-83 AIRPLANE

[,onf,&urations and steady-spin parmneters taken from free-spinning test data
(unpublished);rudder pedal forces calculated from data in reference 1
and from free-spinning test data]

Rudder

Control setting Steady-epln parameter pedal force

Conflguratlon (lb)

Ailerons
$ $ b = 21j0br= 20°EleVator (~/:ee ) (d:g) (ra~sa)(deg) (ft) (deg ) r

Formal loading, clean condition Against Down 259 46.3 2.61
Do--------------------------------- ----do ----- UP 277 46.5 2.01 1::$ ;:t: ;;:; :$ 1;;
Do--------------------------------- ----do ----- Down 259
Do--------------------------------- ----do ----- up
Do--------------------------------- Neutral Down x B’! 33 ~;~ Q :’: :: ?i
Do--------------------------------- 1/2 against up 23

k t
4:9 2;26 .1

Flags 22° down Agalnst Down
15:2 108

Do--------------------------------- ----do----- up 2A k$~:; ::$ 6:7 :12 l~;l 1o11 #
?laps 5°down ----do----- Down 219 6.1 .54 21.6 7’

Do------------------ --------- .----- ----do----- up 226 55:02:22 6.3~.60 20.191?
DO--------------------------------- Wlti Down 558

g

Landingcondition ;.: ::~i ;::l:% :;::lq 3725.6
Agaln9t Down 226

Do-------------------------------------do----- up 241 ?Landinggearalone ----do-----Down 25P “?46:0 2.3
9.27.70 .

Do--------------------------------- ----do ----- up
Iy and IZ Increased 20 percent IY, clean condition ----do----- Down z?

}::~ ;.;~ ~j ~g j:~ g ::
.

Do--------------------------------- ----do-----

.

~: ;g ~:~ ::g ~:~ ;! l:f $ $

Down
Do--------------------------------- ----do----- up

e.g. 11 percent forward, clean condition ----do----- .
---------------------------------

c.<. J5.7 perce% rearward, clean condltlon
Neutral . . 9.3 195

f&: :;:; $! %J
Against Down 255

Do--------------------------------- ----do----- up 277 3:1 2;
c.g. 10 percent rearward, clean condition ----tie----- Down
Iy and IZ increased 20 percent IY, clean condition l/3W~;;lnst UP # G!? M >:$ ~:~; :::; ~~ %
.Qternate loadlng II up 51.3;.:;

DO--------------------------------- 1A ~lth up 280 54.2 -2.95.79
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Figure 1.- Details and dimensions of 0.14- state mockl COMMITTEE FOI AMOUAUTICS

of the XP-83 airplane left wing panel as tes+ed in the

Langley 4-by 6-foof wmd tunnel.
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Figure 2 .– Details and dimensmns of 0.14-scale model of

the XP- 83 a)rplane tail unit fesfed in the Langley

4-by t7-foot wind tunnel.
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Figure 3.- Three-quartertopview oftheXP-83tail surfacesas tested
intheLangley 4- by 6-foottunnel. Wind directionverticallydown-
ward inplaneofpicture.
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